The purpose of this study was to compare the clinical outcomes and radiological changes of 3-and 4-level anterior cervical diskectomy and fusion with stand-alone anchored spacers and with traditional anterior plates. A total of 51 consecutive patients with cervical spondylotic myelopathy who underwent 3-or 4-level anterior cervical diskectomy and fusion were divided into 2 groups: group A (n523) received anchored spacers and group B (n528) received an anterior plate. Mean follow-up was 14.6 months. Solid fusion was achieved in all patients at final follow-up. No significant difference existed between multilevel anterior cervical diskectomy and fusion with stand-alone anchored implants and with an anterior cervical plate in achieving clinical symptomatic improvement, fusion rate, and lordotic curvature improvement. The dysphagia rate of group A at 2-month follow-up was significantly lower than that of group B. No statistically significant difference existed between the 2 groups at the other time points. Swallowing Quality of Life of group A at 48 hours and 2 months postoperatively were significantly higher than those of group B. The thickness of the prevetebral soft tissue at 48 hours and 2 months postoperatively were significantly lower in group A than in group B. Compared with using an anterior plate, anterior cervical diskectomy and fusion with a stand-alone anchored spacer achieved a similar clinical outcome with less irritation to the prevertebral soft tissue and a lower dysphagia rate in the first 2 months.
C ervical spondylosis myelopathy is a leading cause of spinal cord dysfunction and decreases quality of life. 1 When nonoperative treatment fails, surgery is usually optional. Anterior cervical diskectomy and fusion is a safe, effective procedure for the treatment of cervical spondylosis myelopathy. It directly decompresses the spinal cord by removing the degenerated disks, hypertrophic posterior longitudinal ligaments, and offending osteophytes, and restores the cervical lordosis. 2 Because additional plate fixation can reduce the risk of pseudarthrosis and quicken healing, it is thought of as a necessity in multilevel fusion. 3 However, it is also associated with plate-related complications. 4, 5 Although stand-alone cages are advocated by some researchers due to encouraging clinical outcomes and fewer plate-related complications, cage subsidence, fusion segmental kyphosis, and pseudarthrosis are among the most worrying complications. [6] [7] [8] New fusion devices have combined the advantages of anterior cervical plate fixation and stand-alone cages. 9 A standalone anchored spacer (Zero-P; Synthes GmbH, Oberdorf, Switzerland) has been put to clinical use to prevent postoperative dysphagia to achieve a balance between small-plate dimension (low-and zeroprofile) and the necessity of a thick plate by providing secure constrained screw fixation. 10 Early outcomes in anterior cervical diskectomy and fusion have demonstrated that the Zero-P achieves solid fusion with a low complication rate. 11 However, no study has compared the Zero-P with the traditional cage-plate system in the treatment of multilevel cervical spondylosis myelopathy.
The purpose of this study was to compare surgical parameters, clinical and radiological outcomes, and complications in patients who underwent 3-or 4-level anterior cervical diskectomy and fusion with stand-alone anchored implants or with an anterior plate system.
Materials and Methods
Between April 2010 and March 2011, seventy-three consecutive multilevel anterior cervical diskectomies and fusions were performed by the same senior surgeon (W.Y.). All patients had typical symptoms and radiographic evidence of cervical spondylosis myelopathy for longer than 1 year and had failed nonoperative treatment. All patients chose which device (stand-alone spacer or anterior plate system) they wished to have implanted.
To compare the clinical outcomes and swallowing conditions of the 2 fusion procedures, the following exclusion criteria were used: (1) patients with developmental stenosis; (2) patients with continuous or combined ossification of the posterior longitudinal ligament; (3) patients with dysphagia preoperatively; (4) patients with a history of central nervous system disorders, such as stroke and traumatic brain injury; (5) patients with a history of previous neck surgery or traumatic cervical spine injury; (6) patients with a history of invasive malignancy; (7) patients with severe cervical malformation; (8) patients with a previously known allergy to the materials contained in the device, such as titanium alloy or polyether ether ketone (PEEK); and (9) patients who were incapacitated to participate in the survey. A total of 51 patients (38 men and 13 women) were reviewed. Mean age at operation was 55.9268.47 years (range 41-72 years).
The 51 patients were divided into 2 groups: the anchored spacer group (group A) and the anterior cervical plate group (group B).
surgical technique
All surgical procedures were performed by the same senior surgeon using the standard right-sided anterior approach. The basic techniques for exposure, diskectomy, and decompression were performed as described by Smith and Robinson. 12 Extensive decompression was performed, including removal of the osteophytes and herniated nucleus pulposus and diskectomy. After diskectomy, the posterior longitudinal ligament was removed. The endplate cartilage was also removed using a curette. The upper and lower endplates were prepared by removing the overlying cartilage. The vertebral bodies were distracted, and fusion devices were implanted into the disk space. 
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Stand-alone anchored implants were used in group A. Insertion and fixation of the anchored spacers were performed as described by Scholz et al. 11 In group B, PEEK cages (Syncage; Synthes GmbH) packed with demineralized bone matrix were inserted. In addition, an anterior cervical plate (Altantis; Medtronic Sofamor Danek, Memphis, Tennessee) was used.
Patients were allowed to sit up on postoperative day 1 and walk on postoperative day 2 with Philadelphia neck collars (Huabang, Yuyao, China), which were worn for the first 6 to 8 weeks postoperatively.
Data Collection and Outcome Assessment
All data, including age, sex, body mass index (BMI), smoking history, operated segments, operative time, and blood loss, were recorded in both groups. Anteroposterior (AP), lateral, and flexion-extension lateral plain radiographs were routinely performed preand postoperatively. Magnetic resonance imaging (MRI) was performed preoperatively to assess spinal cord compression. Clinical and radiological follow-ups were performed 48 hours and 2, 6, and 12 months postoperatively, and annually thereafter. Radiological outcomes were measured with the picture archiving and communication system (PACS) tool by an independent radiologist (J.S.) who had no therapeutic relationship to individual patients.
Bony fusion was defined as (1) the absence of a radiolucent gap between the graft and the endplate, (2) the presence of continuous bridging trabeculae between the endplates, and (3) the absence of motion between the spinous processes on the flexion-extension lateral radiographs ( Figure 1 ). Segmental lordosis was evaluated and calculated by measuring the angle between the superior endplate of the uppermost vertebra involved and the inferior endplate of the lowest vertebra involved on lateral radiographs ( Figure 2 ). Implant dislodgement was defined as 2-to 4-mm implant displacement beyond the leading edge of the upper and lower vertebral connection on lateral radiographs. Implant subsidence was defined as a loss of disk height more than 2 mm at any fusion segment.
To evaluate the clinical outcome, the Japanese Orthopaedic Association (JOA) scoring system and the Neck Dysfunction Index (NDI) scoring system were applied. The JOA was used to assess the neurological status and the NDI to assess neck function.
The postoperative dysphagia rate was evaluated by Bazaz's criterion. 13 The Swallowing Quality of Life questionnaire was completed by the patients pre-and postoperatively. A 14-item portion from this questionnaire (total score, 70), concentrated by Siska et al, 14 was selected to access the degree of dysphagia. To evaluate the magnitude of soft tissue edema associated with the operation, the thickness of the preverteberal soft tissues at C2-C7 were measured on the lateral cervical spine radiographs. At plated levels, the thickness of the preverterberal soft tissue was measured from the front of the plate ( Figure 3 ). Other complications, including dural tear, hoarseness, epidural hematoma, and C5 palsy, were also recorded. Table 1) .
The fusion rate at 6 months postoperatively was 91.3% (21 of 23) in group A and 96.4% (27 of 28) in group B. No significant difference existed between the 2 groups. All patients achieved solid fusion at final follow-up.
According to the JOA and NDI scores and cervical lordosis of the fusion segments, no significant intergroup difference was found pre-or postoperatively. However, a significant difference existed in mean JOA score, NDI score, and lordosis of the fusion segments pre-and postoperatively in both groups ( Table 2) .
The dysphagia rate of group A at 2-month follow-up was significantly lower than that of group B. No statistically significant difference existed at the other time points between the 2 groups ( Table  3 ). The Swallowing Quality of Life of group A 48 hours and 2 months postoperatively were significantly higher than those of group B (Table 4 ). The thickness of the prevertebral soft tissue at 48 hours 
discussion
Anterior cervical diskectomy and fusion has been widely accepted as a successful and reliable surgical treatment for cervical spondylosis myelopathy because it allows an approach to the disk and nerve roots without risking spinal cord injury. 1 An additional anterior plate is usually applied to provide a solid fixation (Figure 4 ). 3 However, use of the anterior plate system is associated with various intra-and postoperative complications. The use of anterior plates can compromise vital structures on the anterior aspect of the cervical spine, such as the trachea, carotid arteries, and esophagus, and may cause injury to these structures. 4 In addition, hardware failure is described in several studies. 15, 16 For these reasons, some surgeons advocate stand-alone cages to eliminate plate-related complications. [17] [18] [19] [20] However, the early use of a stand-alone cage is questioned by many authors for its efficacy and safety. Loss of lordosis and a high rate of cage subsidence have been reported frequently and are concerning. [6] [7] [8] 21 Normal lordotic alignment is one of the most important factors related to good motion and function of the cervical spine. Sagittal malalignment after anterior cervical diskectomy and fusion may cause postoperative axial pain and worsening of neurologic deficits, influencing functional recovery. 22 Malalignment may increase biomechanical stress of the neighboring segments and promote degenerative changes in the adjacent segments. 23 If the cage subsides into the vertebral body with disk collapse, disk height and lordotic alignment would fail to restore, thus influencing the clinical outcome. 24 Loss of lordosis and a high rate of cage subsidence are blamed for the insufficient fixation force of the stand-alone cage with no screw or locking mechanism. The lack of a strong fixation force leads to postoperative micromotions between the contact surface of the cage and the vertebral endplate, subsequently causing pseudarthrosis.
The stand-alone anchored spacer is designed to avoid these phenomena by combining interbody support and supplemental plate fixation into 1 cage ( Figure  5 ). The body of this implant is constructed of PEEK and incorporates a mechanically independent but integrated titanium plate into its anterior surface. The integration of the fixed anterior fixation screws and the locking mechanism provides an angular stability. Biomechanical stability of the anchored spacer has been established, and its safety and efficacy in early clinical use have also been confirmed. 10, 11 The current study compared and analyzed the radiological and clinical outcomes of multilevel anterior cervical diskectomy and fusion with the anchored spacer and with anterior plant fixation. No statistically significant difference existed in the fusion rate at 6-month follow-up, and all patients achieved solid osseous fusion and had a good clinical outcome. A significant improvement was observed in lordosis in both groups, which was maintained well at final follow-up. No cage subsidence or fusion segmental kyphosis was observed. This improvement is contrubted to the intraoperative distraction, which also restores the disk height and cervical alignment. In addition, solid fixation prevents micromotions and provides an initial stability and a successful osseous fusion. However, no patient with trauma or severe preoperative kyphosis was enrolled in this study. It is preferable to pull the vertebral body involved toward the lordotic ventral plate during the surgical process in these patients. Thus, the use of the anchored spacer in these patients is questionable, and anterior plate fixation remains the gold standard for the surgical treatment of severe kyphosis. Postoperative dysphagia is a wellknown complication after anterior cervical diskectomy and fusion, and its pathogenesis is multifactorial. Esophageal injury, hematoma, and adhesive formation around the anterior plate are thought to be the underlying causes of dysphagia. 4, 25 The relationship between postoperative swelling of the prevertebral soft tissue and postoperative dysphagia has been reported in resent studies. [26] [27] [28] Increased thickness of the prevertebral soft tissue caused by the surgical injury, inflammation, hemorrhage, and scar formation is considered a risk factor of dysphagia. 28 Hardware implanted directly posterior to the esophagus in anterior cervical surgery may influence the occurrence of dysphagia and prevertebral soft tissue edema. Compared with a slightly larger and less smooth plate, the placement of a thinner and smoother profile plate may reduce the occurrence of dysphagia due to a lower profile and 5A 5B 5C 5F 5E 5D 5G 5H 5I 
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milder scar formation. 29 According to Shih et al, 30 functional dysphagia may occur in a delayed fashion after anterior cervical diskectomy and fusion from osteophytes, tethering the cervical plate to the surrounding contents of the neck used for swallowing. Total disk replacement without using an anterior cervical plate is reported to decrease the occurrence of dysphagia and attenuate the thickening of the prevertebral soft tissue. 28, 31 However, multilevel cervical spondylosis myelopathy with more than 3 target segments is a definite contraindication for total disk replacement. 32 The anchored spacer was initially designed to prevent various plate-related complications, particularly dysphagia and esophageal injury, after anterior cervical diskectomy and fusion. According to Scholz et al, 11 the use of the anchored spacer was associated with a lower occurrence of dysphagia compared with established data. However, the occurrence of dysphagia could be influenced by multiple factors, including age, sex, BMI, smoking status, fusion levels, surgical skills, and preoperative management. 33 In addition, Chin et al 34 reported the anterior plate as a cause of dysphagia. To confirm whether this implant could decrease the rate of dyphagia in multilevel fusion, the current study compared anterior cervical diskectomy and fusion performed by the same surgeon using 2 fusion techniques to minimize differences caused by other risk factors.
In the current study, the dysphagia rate was lower, the Swallowing Quality of Life condition was better, and the mean thickness of the prevertebral soft tissue was less thick in the anchored spacer group in the first 2 months. The zero-profile design of this anchored spacer avoids contact between the implant and the esophagus, 35 thus minimizing mechanical irritation of the soft tissue in front of the cervical spine. This may also explain the lower thickness of the prevertebral soft tissue in the anchored spacer group. However, dysphagia was also a transient symptom even in the plate group and could be mostly resolved within 6 months postoperatively without chronic residual dysphagia.
Plate fixation is often a time-consuming procedure, and the use of the anchored spacer can save time. Because postoperative dysphagia could partly be caused by intraoperative retraction of the esophagus, a longer retraction time and a greater retraction extent to fix the anterior plate may also contribute to more severe edema of the prevetebral soft tissue and a higher rate of dysphagia in the plate group. Although inserting screws into the anchored spacer at the upper and lower cervical levels might be difficult due to angulation of the screws, overretraction could be avoided.
conclusion
Based on the current results, surgical management of multilevel anterior cervical diskectomy and fusion with stand-alone anchored implants or an anterior cervical plate showed no significant difference in terms of improvement of clinical symptoms, fusion rate, and lordotic curvature. However, anterior cervical diskectomy and fusion with stand-alone anchored cages is associated with a shorter operative time, less irritation to the prevertebral soft tissue, and a lower rate of dysphagia in the first 2 postoperative months.
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